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过表达 UNC5B 的手段, 研究了 UNC5B 在体外血管新生中的作用。结果表明
Unc5b 基因沉默促进了血管形成，而过表达则抑制了血管形成，证明 UNC5B 的
作用是抑制血管形成。此外本研究还进一步证实 UNC5B在 Integrinα6 存在与否
情况下的对血管形成的影响，结果发现阻断 Integrinα6 的功能，可显著抑制





迁移侵袭和增殖实验证明 UNC5B 基因沉默后可以显著促进 HT1080 的体外迁移
侵袭和增殖能力。我们还证明 UNC5B 基因沉默能够上调与侵袭相关的基质金属
蛋白酶 MMP9 的表达，并促进MMP2 酶原的激活。这些研究表明 UNC5B 是一
个肿瘤抑制因子。
总之，UNC5B 是一个抑制血管新生的受体，UNC5B 对血管形成的抑制


















Vascular and nervous systems constitute a complex branch network throughout
the body, providing bidirectional flow of information (sensory and motor neurons;
arterial and venous blood flow). Blood vessels and nerve fibers distributed in the body
accompany each other to reach their distant targets. The similarity in structure and
functions suggests that blood vessels and nerve fibers may be regulated by the same
signaling molecules. Many axon guidance factors are involved in the regulation of
vascular growth and development. UNC5B is the first identified receptor of UNC5
families that participates in the regulation of vascular development. In different
studies, however, had led to contradictory conclusions that UNC5B was repoted for
both pro- and anti-angiogenic. Here, we try to investigate the function of UNC5B in
angiogenesis in vitro by using lentivirus mediated Unc5b gene silencing or
overexpression in three vascular endothelial cell lines, human umbilical vein
endothelial cell line (HUVEC)、human umbilical artery endothelial cell line (HUAEC)
and human skin microvascular endothelial cell line (HDMEC) which stand for
endothelial cells of vein, artery, and microvessel respectively. The results show that
Unc5b silence promotes, whereas Unc5b over-expression inhibits tube formation in
matrigel cultures, confirming the conclusion that UNC5B is an anti-angiogenic
receptor. Further more, we found the inhibitory effect of UNC5B on angiogenesis
can be affected by Integrin α 6. Function blocking of Integrin α6 significantly
inhibited angiogenesis enhanced by Unc5b-silence, and strengthened anti-angiogenic
effects with UNC5B overexpression. Suggesting UNC5B effect on angiogenesis
could be different with circumstances.
To further explore the UNC5B function, we performed study on the UNC5B
roles in tumor metastasis. Studies with in vivo experimental tumor model resulted that
the silence of Unc5b gene could significantly promote invasion and metastasis of
fibrosarcoma, HT1080 cell. Studies with in vitro migration,invasion and proliferation
experiment show that the silence of Unc5b gene could significantly promote















Unc5b gene could upregulate matrix metalloproteinase 9 (MMP9) expression, and
promote MMP2 proenzyme activation.These studies suggest that UNC5B is a tumor
suppressor.
In conclusion,UNC5B is an anti-angiogenic receptor, the inhibitory effect of
UNC5B on angiogenesis can be affected by Integrin α 6. UNC5B could inhibit
migration and proliferation in vitro , invasion and metastasis in vivo of HT1080 cells.





































是 EC 的特异性有丝分裂原，促进其增殖、迁移，改变 EC 的某些基因表达、促
使 EC 分泌组织因子、胶原酶等，从而改变内皮细胞的细胞外基质，有利于血管
生成。VEGF 促进 EC 迁移的作用是通过提高 EC 运动性，增加基质蛋白水解酶、
























熟；而血管生成素 2（Ang2）与 Tie1 结合则解除这种稳定，导致新生的血管不
能发育成熟，或成熟血管解体，其血管内皮细胞在 VEGF 的作用下，进行新的








斑马鱼的背主动脉中，动脉标记基因 Notch5、ephrinB2 和 DeltaC 的表达被阻断，























[15] 。 神 经 生 长 导 向 调 控 主 要 通 过 Netrin/Unc-DCC ， Slit/Robo ，










上特异表达的受体[21]，Robo4 与配体 Slits 结合在癌症、肿瘤血管新生和内皮细胞
迁移中发挥作用[22,23] 等。
表 1-1 神经生长导向因子受体成员






















三个同源分子，即 UNC5H1（UNC5 homologue1）、UNC5H2 和 UNC5H3， 通
过序列同源性比对，UNC5H 家族的三个成员在人体中的相应同源分子也被发现
[25-27]，即 UNC5A（UNC5H1）；UNC5-B（UNC5H2）；UNC5C（UNC5H3）。
UNC5 是膜结合蛋白，其胞外结构包括 2 个 Ig 结构域、2 个 TSP 结构域，一个
跨膜区 TM、胞内结构包括一个 ZU5 结构域以及一个 Death domain[28]。Death
domain 含有典型的 Caspase-3 的作用位点 DXXD 序列[29]，因此 Unc5 受体是配体
依赖性受体（Dependence receptor）, 在没有配体 Netrin1 结合的情况下，其胞内
Death domain 片断可被 Caspase-3 切下，并可与 DAPK（Death-associated protein
kinase）结合而引发细胞凋亡的发生[30]；而在 Netrin1 存在的情况下，Unc5 受体
Death domain 不被剪切，Death domain 引发细胞凋亡的作用受到抑制[31]。
图 1.1 神经生长导向因子Netrin-1及其受体 DCC和UNC5 DCC家族包括DCC和
Neogenin, UNC5家族包括UNC5A到D, 本图来自Netrin-1 role in angiogenesis.Cell Cycle 9:8,
1466-1471;2010
FIG1.1 Neural guidance Netrin-1 and its receptor DCC and UNC5 DCC family
includes DCC and neogenin, UNC5 family comprises UNC5A to D, this picture is from Netrin-1
role in angiogenesis.Cell Cycle 9:8, 1466-1471;2010
现已报道的与 UNC5B 相互作用的分子有受体 DCC、Negenin、ROBO4，激
酶 FAK 和 Src 以及 LARG 和 FLRT3 等。UNC5B 与 DCC 形成异源二聚体介导
netrin-1 对神经元轴突的排斥作用[32]；UNC5B与 ROBO4 结合抑制血管新生并维
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